Objective: To examine the independent and joint associations of diet quality and television viewing time with abnormal glucose metabolism (AGM) in men and women.
Introduction
Abnormal glucose metabolism (AGM; impaired fasting glucose [IFG] , impaired glucose tolerance [IGT] , known or newly diagnosed diabetes mellitus) has been linked to increased risk of cardiovascular disease (Bartnik et al., 2007; Coutinho et al., 1999; Levitan et al., 2004) and premature all-cause mortality (Barr et al., 2007; Barr et al., 2009 ). Sedentary behaviours, such as high television viewing time (Dunstan et al., 2004; Hu et al., 2001; Hu et al., 2003) , and poor dietary intake (Fung et al., 2007; Montonen et al., 2005; van Dam et al., 2002) have been identified as independent modifiable risk factors for AGM and type 2 diabetes. These studies have often reported stronger adverse associations between the behaviours and glycemic outcomes in women than in men (Dunstan et al., 2004; Montonen et al., 2005) .
Television viewing has been associated with increased overall caloric intake (Bowman, 2006; Hu et al., 2003; Jeffery and French, 1998) and increased intakes of snack foods, sweets/desserts and added sugars (Bowman, 2006; Hu et al., 2003) . While this highlights that joint associations showing the combined effects of television viewing and diet quality bear scrutiny, joint associations have not been examined. Such insights are important for informing preventive approaches to address the worldwide diabesity epidemic . Therefore, in a large population-based sample, this study examined the independent and joint associations of television viewing time and overall dietary quality with AGM in men and women. Dietary quality was summarized in terms of overall consistency with dietary recommendations (Diet Quality Index-Revised; Haines et al., 1999) .
Methods

Sample
Data were from the baseline sample (1999/2000) of the Australian Diabetes, Obesity and Lifestyle (AusDiab) study: a national, population-based, cross-sectional survey of Australian adults aged ≥25 years. The AusDiab study methods and representativeness have previously been described (Dunstan et al., 2002a) . Briefly, a stratified cluster-sampling method was used, with households from 42 randomly selected urban and non-urban Census Collector Districts (six per state/territory) approached. Of the 20,347 eligible people who completed a household interview, 11,247 (55.3%) attended a biomedical examination.
For this analysis we excluded as ineligible those who were pregnant (n=60); we also excluded those with missing data for AGM status (n=113), diet quality (n=1154), television viewing time (n=47) or covariates (n=184), leaving 5346 women and 4344 men available for these analyses (86.6% of eligible participants). This study was approved by the human research ethics committee at the Baker IDI Heart & Diabetes Institute. Written informed consent was obtained from all participants.
Measures and data management
Participants attended a local survey site for a biomedical examination, where a 2-hour oral glucose tolerance test was performed, following an overnight fast (minimum 9 hours). Fasting plasma glucose (FPG) and 2-hour plasma glucose (2-hr PG) levels were obtained by enzymatic methods (Olympus AU600 analyser; Olympus Optical, Tokyo, Japan). The WHO criteria were used to defined IFG (FPG ≥6.1 and <7.0mmol/L with 2-hour PG <7.8mmol/L), IGT (2-hour PG ≥7.8 and <11.1 mmol/L with FPG <7.0mmol/L) and diabetes mellitus (FPG ≥7.0mmol/L or 2-hour PG ≥11.1mmol/L) (World Health Organization, 1999) . Participants who reported having physiciandiagnosed diabetes and were either taking hypoglycemic medications or met the criteria for diabetes were classified as known diabetes. Presence of any of these conditions was categorised as AGM.
Dietary assessment and calculation of diet quality
Dietary intake was assessed using a self-administered food frequency questionnaire (FFQ), recalling intake over the previous 12-months (Ireland et al., 1994) . The FFQ has adequate correlations with seven-day weighed food records for total fat (r=0.68), saturated fat (r=0.59) and fibre (r=0.66), adjusted for energy, with mean estimates of these nutrients agreeing to within ± 2 grams (Hodge et al., 2000) . The FFQ includes 74 items (with 10 frequency options), with additional questions on food habits, portion size Joint effects were examined by classifying diet quality (low, moderate, high) and television viewing (low, high) into their six possible combinations.
Adiposity
Height (nearest 0.5cm) and weight (nearest 0.1kg) were measured without shoes and excess clothing, and used to calculate body mass index (BMI; kg/m 2 ) (Dunstan et al., 2001 ). Waist circumference, as an indicator of central adiposity, was measured (to the nearest 0.5cm) at the midpoint between the lower border of the lowest rib and the superior border of the iliac crest using a non-expandable measuring tape. Duplicate measurements were taken with the average used (Dunstan et al., 2001 ).
Covariates
The interviewer-administered questionnaire included data on demographic attributes, parental history of diabetes, current cigarette smoking status, and alcohol intake. Physical activity (predominantly leisure time) was measured via the Active Australia questionnaire 
Statistical analysis
All analyses were conducted using Stata version 11 (StataCorp LP, 2003) . To account for clustering and stratification in the survey design and for non-response, linearized variance estimation was used (survey commands) and data were weighted to the 1998 estimated residential Australian population (Dunstan et al., 2002a) .
The independent and joint relationships of diet quality and television viewing time with AGM were examined using logistic regression analyses. A significant interaction was observed between diet quality and television viewing time (p=0.028), hence the joint effect was relevant to examine. Models were presented stratified by gender in view of prior literature (Dunstan et al., 2004; Montonen et al., 2005 associations between television time and glycemic outcomes may be mediated through central adiposity (Stamatakis and Hamer, 2012; Ford et al., 2010; Dunstan et al., 2004) .
So, in a separate model we further adjusted for waist circumference (Model B).
Covariates remaining statistically significant in the final model included: age, height, waist circumference and parental history of type 2 diabetes (both men and women), smoking status and exercise (women only) and total energy intake (men only). Data from the models are reported as odds ratios and 95% confidence intervals. Statistical significance for main effects was set at p < 0.05 (two-tailed).
Results
Participants were on average (Mean ± SD) aged 48. Table 1 shows the attributes of study participants, by gender and by diet quality tertiles. Women and men with low diet quality were significantly more likely to report high television viewing time compared to those with high diet quality. In women, BMI and waist circumference did not differ across diet quality tertiles. However, men with moderate and low diet quality had significantly higher BMI and waist circumference than men with high diet quality. BMI and waist circumference were both significantly higher in men and women with high television viewing time compared to those with low television viewing time (p < 0.001;
Supplementary Table 2 ).
_____________________________ INSERT TABLE 1 ABOUT HERE _____________________________
Diet quality
Women with low diet quality had significantly higher odds of AGM than women with high diet quality ( Table 2 ). This association was slightly attenuated but remained statistically significant following adjustment for waist circumference (Table 2 Television viewing time was significantly associated with AGM in women but not in men. Women with high television viewing time had significantly higher odds of AGM than women with low television viewing time (Table 2 ). This association was partly attenuated after adjustment for waist circumference but remained statistically significant. For every 30-minute increase in television viewing time, the odds of AGM increased (OR = 1.01; 95%CI 1.00, 1.01, p <0.001).
Joint associations with diet quality and television viewing time
Both with and without adjustment for waist circumference, joint associations of diet quality and television viewing time were significant in women (p=0.003 and p<.001)
but not in men (p=0.116 and p=0.265). In women, adjusting for waist circumference, relative to those with both high diet quality and low television viewing time (the referent group), those with the most risky combination of behaviours (low dietary quality/high television viewing) had 1. 
Discussion
Almost one in four Australian adults has AGM -these rates are similar to those observed in the US in non-Hispanic whites (Cowie et al., 2006) and are expected to continue to increase (Dunstan et al., 2002b) . This study provides further evidence that diet quality and television viewing time are independent risk factors for AGM. It also extends previous research to examine the joint association of these modifiable behaviours on AGM status. As anticipated, those with both of these unhealthy behaviours (poor diet quality and high television viewing time) were at the greatest risk of AGM, though this was only evident in women (1.8-fold higher odds). In women, there was a substantial prevalence (26.6%) of combined television viewing and diet quality that could be considered at substantial risk of AGM (significant association with OR ≥1.5).
Previous research has shown that the association between sedentary behaviour and cardio-metabolic risk factors is largely mediated through adiposity (Stamatakis and in women was attenuated by adiposity, it still remained statistically significant.
Mediation by adiposity appears less likely for diet quality, as these associations were unaffected by adjustment for waist circumference. Previous research has also shown that diet quality is associated with risk of type 2 diabetes in women, independent of central adiposity (Fung et al., 2007) . Poor diet quality has been shown to be the strongest behavioural predictor of gain in waist circumference over five years (Walls et al., 2011) . Taken together, this study further highlights that improving diet quality in line with national dietary guidelines is an important public health target for improving glycemic health and preventing obesity, particularly for women. A ten point improvement in diet quality is associated with almost 20% decreased odds of AGM. A ten point improvement could be achieved by: an additional one serving of fruit and one serving of vegetables per day, and by using skim milk in a latte coffee instead of full cream milk.
The significant associations observed between television viewing time and diet quality with AGM in this study were exclusively only observed in women. This is consistent with previous literature where stronger associations between television viewing time (and self-reported computer use) and with glycemic outcomes have been observed in women compared to men (Bertrais et al., 2005; Dunstan et al., 2007; Dunstan et al., 2004; Dunstan et al., 2005; Ford et al., 2005) . Associations between dietary patterns and type 2 diabetes risk have also differed between men and women (Montonen et al., 2005) . The reason for this gender difference in associations remains unclear -whether there are real biological differences or an artefact of the behaviours measured. For example, while television viewing is the most commonly reported leisure time sedentary behaviour in Australian men and women (Salmon et al., 2003; Sugiyama et al., 2008) , it appears to be a marker of a broader pattern of leisure time sedentary behaviour in women only (Sugiyama et al., 2008) . Further, no meaningful gender 
Strengths and Limitations
Strengths of this study included the large population-based sample, the objective blood glucose measures, detailed anthropometric measurements and a comprehensive assessment of lifestyle behaviours. The main limitations include the cross-sectional study design, limiting inferences regarding causality, and the self-reported assessment of diet and television viewing time. We examined overall dietary quality and adjusted for total caloric intake, however there may be some residual confounding as certain aspects of dietary intake, such as glycemic load, and behaviour, such as snacking were not measured. It is unclear whether overall dietary intake or specific aspects of dietary intake are more important for glycemic health. There may have been some selection bias, as there was an underrepresentation of minority ethnic groups and lower socioeconomic groups in the AusDiab study (Dunstan et al., 2002a) coupled with a tendency for low SES groups to be excluded due to missing data. As lower socio-economic groups tend to have poorer dietary intakes (Darmon and Drewnowski, 2008) 
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